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The protective effect of synthetic antimalarial
drugs, e.g. chloroquinc, hydroxychloroquine and
quinacrine, in some photodermatoses has led to
observations on the question of whether this
protective effect is also present against ionizing
radiation.
The possible prophylactic action of some anti-
malarials against carcinogenic effect of grcnz
rays after systemic administration was tested
(1); and against local x-ray dermatitis after
topical application of antimalarials (2).
The studies of the action of antimalarial
drugs on pentose cycle activity in human
erythrocytes in vitro and in vivo have shown
that chioroquine diphesphate (Resochin® Bayer)
exerts a marked stimulating effect (4—6). Since
the pentose cycle is inhibited as a consequence of
radiation (7—10), it seemed possible that sys-
temically administered chloroquine could have a
favorable influence on tissue reparative processes
in the course of radiation disease.
MATERIALS AND METHODs
The study was carried out on 115 guinea pigs,
white males, of approximately the same weight
and age.
The irradiation was carried out by the x-ray
apparatus Makrophos 250. Irradiation values were
selected to damage the skin mainly. This was
achieved by x-ray tube values of 75 kY at 15 mA;
no filter; focal distance of 26 cm; half-layer 0.23
mm Cu. Dosimetry was performed by the Meka-
pion dosimeter. Under these conditions, the in-
tensity was 38.5 r/min.
Irradiated guinea pigs were put in a wooden
frame adjusted on a wooden lattice. On the top
was placed a lead plate 2 mm thick and with a
cut-out 3 by 5 cm which overlapped the edges of
the frame 3 cm on each side. Additional fixation
of the animal was made by cellulose pads, and the
lead plate was weighted down with two lead bricks.
Each guinea pig was irradiated separately. 24 hrs
before irradiation, the animals were depilated by
means of the depilator Depilas Golgot, (based on
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strontium sulforatom-SrS). There were no skin
reactions from application of the depilator. The
irradiated area overlapped the depilated field in
all directions by about 025 cm, and was always
defined in the craniocaudal direction at the inferior
edge by the projection of the bottom part of the
os sacrum, and in a vertical direction it was limited
by a width of 5 cm.
In the actual study we first investigated the
threshold values necessary to evoke x-ray cry-
thema. The graduation of x-radiation dose by in-
crements of 100 r each was from 100 to 2000 r. The
increase of the doso was achieved by prolongation
of the exposure time, all the other values being
maintained. The degree of evoked erythema was
determined by a color scale made of plexi-glass
and having 14 shades of Congo red. The Congo
red was dissolved in distilled water and after 5
minutes it was exposed twice for 10 minutes to
ultrasound. The gelatine was colored with this
solution, and spread on the scale. The first grade
of the scale was a skin shade, obtained by dissolv-
ing 1 mg of Congo red in 20 ml of distilled water.
One drop of solution colored 1 gr of gelatine. Fur-
ther gradations were obtained by adding another
drop of Congo red solution to the gelatine. The
method used has been prepared especially for this
study.
Threshold values were investigated in 40 sepa-
rate exposures, and was repeated twice for verifi-
cation. It was found that a dose of x-radiation of
1400 r is the threshold value for evoking x-ray
erythema. With the scale it was possible to observe
erythema by the third day after irradiation. The
intensity of erythema gradually increased, reached
a maximum on the seventh day, and remained at
this intensity with slight deviations of 1 or 2 grades
of the scale to the 21st day.
X-ray doses from 100 to 800 r did not evoke
erythema. The beginning of x-ray erythema was re-
tarded with doses 800 to 1000 r. It was possible to
record the erythema on an average of 10 days
following irradiation. Doses exceeding 1500 r
evoked ulceration.
In the course of this study it has been found
that the threshold values varied slightly within a
span of 200 r. There was also a seasonal variation.
In winter and early spring, the erythema is elicited
by a smaller dose; while at the end of spring, in
the summer and in early winter, there was more
resistance to the production of erythema.
Chloroquine diphosphate (5% Resoehin® Bayer)
was administered intraperitoneally. In investigat-
ing toxicity, it was found that 0.5 ml is the toxic
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dose for the guinea pig. The maximum dose, 0.4
ml of 5% chloroquine solution, borders on toxicity.
The doses of chloroquine were 0.05 ml, 0.1 ml,
0.3 ml and 0.4 ml.
In one group of experimental animals tbe above
doses were administered 2 hrs before irradiation.
In the second group, composed of the same number
of animals, chloroquine was given 30 minutes after
irradiation. Some animals were irradiated without
administration of chloroquine, others were treated
with chloroquine and were not irradiated.
A biopsy specimen was taken from each guinea
pig, without anesthesia, on the seventh day and
on the fourteenth day. The material was fixed in
Bouin's sol. and treated in paraffin in the usual
manner. Preparations were colored with hema-
toxylin and eosin, some also by Van Gieson, Wei-
gert or the PAS-method.
RESULTS
Clinical changes found on the seventh or
fourteenth day range from practically intact,
painless skin to slightly infiltrated skin with
erythema, scales and pain; and further to severe
damage with ulcer, crust and extreme pain.
Histologic changes have an analogous range,
beginning with intact skin and finally demon-
strating severe changes in both the epidermis
and corium. To better express and evaluate
the changes, we have noted 6 degrees of damage
and designated them witb indices 0—5 as fol-
lows:
0—no histologic changes.
1—epidermis is atrophic in varying degrees,
decrease of number of hair follicles, increase of
collagen fibers in corium, various intensity of
perivascular infiltrates, with leukocytes usually
prevailing.
2—ulcer in epidermis covered with crust,
otherwise similar changes as in 1, adequate in-
flammatory reaction in corium.
3—identical finding as in 2, with the addi-
tional finding in the dermoepidermal junction of
parts of liquefactive degeneration of basement
layer sporadically forming small vesicles.
4—extensive defect of epidermis with dis-
tinct atrophy of remaining epidermis, but with
adequate inflammatory reaction in eorium.
5—similar or aggravated changes as in 4, but
with inadequately small or no inflammatory
reaction in corium.
The correlation of intensity of x-ray erytbema
on the dose and time of ebloroquine admin-
istration is given in Fig. I. Indices of the degree
of skin damage of each animal and their aver-
age values are divided into groups on the
seventh and fourteenth day after irradiation.
Indices of individual skin damage caused by
x-irradiation were statistically evaluated in
terms of Wilcoxon's rank order test.
Fig. I. and its graphic plotting (graph 1.)
shows the correlation of the average index of
clinical and histological findings after chloro-
quine administration 2 hrs before irradiation
or 30 minutes after irradiation. Index averages
show the clinical state and histopathological
finding on the seventh and fourteenth day
after irradiation.
From the figure and graphs it is evident that
with increasing ehloroquine doses a diminishing
radiation damage of skin occurred. The healing
tendency, however, varied according to the
time of chloroquine administration. A more
progressive effect was achieved when cbloro-
quine was administered 2 hrs before irradiation
(graph 2.).
DISCUSSION
It is apparent that chloroquine has a favor-
able influence on the reparation of the skin
changes caused by ionizing radiation. Its effec-
tiveness is enhanced with increase in dosage.
The best effect was achieved with administra-
tion of the dose two hours before irradiation.
As to mechanism, consideration should first
be given to the stimulating activity of the
pentose cycle, and its influence on the regen-
eration of tissues. The enzymatic cycle is the
only source of ribose-5-phosphate, and the main
source of reduced nicotinamide adeninc nucleo-
tide phosphate, especially for the purposes of
so called reductive syntheses (11).
Significant changes of metabolic processes
associated with active PC were observed in the
course of radiation reactions. Inhibition of PC
activity may be caused by irradiation with a
depressed level of reduced NADPH2 (12) or with
abnormal linkage between enzymes and cocn-
zymes, as suggested by others (13). In other
words each factor which in vivo stimulates the
PC activity would lead to acceleration of syn-
thetic tissue processes. In the present studies,
chloroquine appears to be such a factor. An-
other possible explanation could be the ability
of chloroquine to combine with DNA (3). It
might follow from the known facts about the
relation between the post-irradiation tissue
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changes and disturbances of DNA that the un-
favorable action of ionizing radiation could be
suppressed by this mechanism.
Even though both these hypotheses cannot be
accepted presently, they offer premises for fur-
ther investigation of the relation between the
post-irradiation changes and metabolic proc-
esses.
SUMMARY
The effect of intraperitoneally administered
chloroquine diphosphate (Resochin® Bayer) in
I
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protecting the skin of guinea pigs against the
x-irradiation was demonstrated. With an in-
creasing dose of the drug, administered two
hours before the irradiation, the protective ef-
fect is increased. Chloroquine, administered 30
minutes after irradiation, was not as effective.
The role of chloroquine activation of the
pentose cycle of glucose utilization, and the
possibility of chloroquine induced protection of
deoxyribonucleic acid in the course of tissue
reparative processes after irradiation are dis-
cussed.
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